A pale-red-pigmented bacterial strain, designated CW1
The genus Planococcus was first proposed by Migula [1] and was amended several times to its present description [2, 3] . At the time of writing, a total of 11 recognized species and one species without a validly published name have been proposed: Planococcus citreus [4] , Planococcus kocurii [5] , Planococcus antarcticus [6] , Planococcus rifietoensis [7] , Planococcus maritimus [8] , Planococcus maitriensis [9] , Planococcus columbae [10] , Planococcus donghaensis [11] , Planococcus salinarum [3] , Planococcus halocryophilus [12] , Planococcus plakortidis [13] and 'Planococcus dechangensis' [14] . In the history of the genus Planococcus, several species originally recognized as members of the genus Planococcus, such as Planococcus okeanokoites [2] , Planococcus mcmeekinii [15] , Planococcus alkanoclasticus [16] , Planococcus psychrophilus [6] and Planococcus stackebrandtii [17] , were subsequently reclassified to the newly proposed genus Planomicrobium [18] [19] [20] .
Although the genera Planococcus and Planomicrobium are close phylogenetic neighbours, the major fatty acids and the components of menaquinones in these genera are moderately different from each other [18] . Generally, the signature nucleotides of the 16S rRNA gene at positions 183 and 190 are T and A for species of the genus Planococcus, but are C and G for species of the genus Planomicrobium [19] . The members of the genus Planococcus have Gramstain-positive, aerobic, coccoid, non-spore-forming and motile cells. Many strains of the genus are able to grow at relatively low temperatures; a few of them have even shown growth at the sub-zero temperature of À10 C [12] . Strains representing the genus Planococcus are often able to grow at high salt concentrations and have predominantly been isolated from cold and/or saline environments (i.e. Arctic, Antarctic, marine) [3, 6, 12] .
During a project to investigate bacterial diversity from pesticide-polluted farmland soils in Anhui Province of China, a pale-red-pigmented bacterial strain, designated CW1
T , was isolated and subjected to a polyphasic taxonomic study and compared with four of the most closely related species of the genera Planococcus and Planomicrobium. Phylogenetic analysis showed that strain CW1
T formed a separate phylogenetic branch within the genus Planococcus. Therefore, the type strains of the two most closely related species of the genus Planococcus (Planococcus antarcticus DSM 14505 T and Planococcus halocryophilus DSM 24743 T ) were selected for the simultaneous determination of morphological, physiological and biochemical characteristics, and DNA-DNA hybridizations were also performed between CW1
T and these two type strains of the genus Planococcus. The results of the polyphasic taxonomic study led to the proposal that the isolate represents a novel species of the genus Planococcus.
Strain CW1
T was isolated from a polluted soil sample by plating dilutions (in distilled water) onto TYB agar [21] with incubation at 30 C for 3 days. Sub-cultivation was performed on TSA (tryptic soy agar; Difco) at 30 C for 48-72 h. The pure culture of strain CW1
T was preserved at À80 C in TSB (tryptic soy broth; Difco) with 20 % (v/v) glycerol. The reference strains Planococcus antarcticus DSM 14505 T and Planococcus halocryophilus DSM 24743 T were obtained from the Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ; Braunschweig, Germany).
Cell morphology was determined by transmission electron microscopy (TEM model H-7650; Hitachi). Gram staining was performed following the method as described by Beveridge et al. [22] . Catalase activity was assessed by bubble production in 3.0 % (v/v) H 2 O 2 , and oxidase activity was determined by using oxidase reagent (BioM erieux) according to the manufacturer's instructions. The pH range and optimum pH for bacterial growth were measured by the optical density at 600 nm in modified TYB broths which were adjusted to different pH values (pH range of 4-10 at intervals of 1.0 pH unit) using appropriate biological buffers [23] . NaCl tolerance was tested in modified TYB broths containing 0, 0.5 and 1.0-6.0 % NaCl (at intervals of 1.0 %, w/v). The temperature range and optimum temperature for growth were determined on TYB agar at 4, 10, 15, 20, 25, 30, 32, 37 and 40 C. The other physiological and chemical characteristics (i.e. carbohydrate assimilation, acid production and enzymic activities) were investigated by standard procedures [24, 25] . Meanwhile, the biochemical characteristics were further confirmed by using API 20NE kits (Bio-M erieux) and API 50 CHB test strips (BioM erieux) according to the manufacturer's instructions. Cells of CW1 T were Gram-stain-positive to -variable, aerobic, coccoid and motile with a single polar flagellum (Fig. S1 , available in the online Supplementary Material). The phenotypic comparison of strain CW1
T with the two most closely related strains of the genus Planococcus (DSM 14505
T and DSM 24743 T ) and Planomicrobium soli XN13
T and Planomicrobium okeanokoites NBRC 12536
T is given in Table 1 . The detailed phenotypic characteristics of strain CW1
T are presented in the species description. 
Acid from:
Genomic DNA was prepared by using a DNA isolation Kit (QIAGEN) according to the manufacturer's instructions. The bacterial universal primer set (27F and 1492R) was selected for PCR amplification [26] . PCR amplification of the 16S rRNA gene was performed as described by Li et al. [27] . The PCR product was purified by using a PCR purification kit according to the manufacturer's instructions (Sangon), and gene sequencing was performed on an Applied Biosystems DNA sequencer (model ABIPRISM 3730). The 16S rRNA gene sequence was aligned manually with reference sequences retrieved from the GenBank database following BLAST searches. A phylogenetic tree was reconstructed by the software package MEGA version 6.0 [28] after multiple alignment of sequence data by CLUSTAL X [29] . The corrected evolutionary distance was evaluated according to Kimura's two-parameter model [30, 31] , and the clustering was based on the neighbour-joining (NJ), maximum-parsimony (MP), and maximum-likelihood (ML) methods. Gaps in the clustering sequences were completely deleted, and the heuristic search option of the MP tree was based on close-neighbour-interchange (CNI) on random trees. Bootstrap analysis was applied to the tree topology by performing 1000 resamplings [32] . In this study, the almost-complete 16S rRNA gene sequence (1430 nt) of strain CW1 T was cloned and deposited in the GenBank database. The phylogenetic analysis by using the NJ algorithm indicated that strain CW1 T should be a member of the genus Planococcus and represented a separate phylogenetic branch within the Planococcus clade (Fig. 1) . The phylogenetic analyses by using the ML and MP algorithms showed similar topology results as the NJ algorithm ( Figs S2 and S3) . The 16S rRNA gene signature nucleotides at positions 183 and 190 were T and A; this result was consistent with the signature nucleotides of the genus Planococcus [19] . 
Planomicrobium glaciei 0423 T (EU036220)
Planomicrobium chinense DX3-12 T (AJ697862)
Planomicrobium mcmeekinii S23F2 T (AF041791)
Planomicrobium koreense JG07 T (AF144750)
Planomicrobium alkanoclasticum MAE2 T (AF029364)

Planomicrobium okeanokoites IFO 12536 T (D55729)
Planomicrobium psychrophilum CMS 53or T (AJ314746)
Planomicrobium flavidum ISL-41 T (FJ265708)
Planomicrobium stackebrandtii K22-03 T (AY437845)
Planococcus salinarum ISL-16 T (FJ765415)
Planococcus maritimus TF-9 T (AF500007)
Planococcus maitriensis S1 T (AJ544622)
Planococcus columbae PgEx11 T (AJ966515)
Planococcus citreus NCIMB 1493 T (X62172)
Planococcus rifietoensis M8 T (AJ493659)
Planococcus ruber CW1 T (KX950835)
Planococcus halocryophilus DSM 24743 T (JF742665)
Planococcus donghaensis JH1 T (EF079063)
Planococcus kocurii NCIMB 629 T (X62173)
Planococcus antarcticus DSM 14505 T (AJ314745)
Lysinibacillus sphaericus IAM 13420 T (D16280)
Exiguobacterium aurantiacum NCDO 2321 T (X70316) threshold value of 70 % that is commonly accepted for the assignment to a novel bacterial species [35] .
Bacterial growth collected for cellular fatty acids analysis was cultivated at 30 C on TSA plates for 2 days, and the three directly compared strains (CW1 T , DSM 14505 T and DSM 24743 T ) were incubated under the same conditions. Cellular fatty acids analysis was performed as described by Sasser [36] using the Microbial Identification System (Sherlock version 6.1; MIDI) with database TSBA6. The major fatty acids (content >10 %) of strain CW1
T were anteiso-C 15 : 0 and anteiso-C 17 : 0 with moderate amounts of iso-C 15 : 0 , iso-C 16 : 0 , C 16 : 0 and C 18 : 0 (content >5 %). Under the same cultivation and analytical methods, the fatty acid profile of strain CW1
T was similar to those of strains DSM 14505 T and DSM 24743 T of the genus Planococcus (Table 2) , but was significantly different from those of the strains of the genus Planomicrobium, which contained iso-C 14 : 0 , iso-C 16 : 0 /anteiso-C 15 : 0 /C 16 : 1 !11c and C 16 : 1 !7c alcohol as the major contents [37] . Procedures for identification of cellwall peptidoglycan and whole-cell sugars followed standard methods as described by Staneck and Roberts [38] and Schleifer and Kandler [39] . The peptidoglycan type was LLys-D-Glu, and the whole-cell sugars contained galactose, glucose and ribose, which were consistent with the profiles of members of the genus Planococcus [18] . Respiratory quinones were extracted from lyophilized cells, and the extracts were purified and analysed by HPLC according to the method of Collins [40] . The predominant menaquinones of strain CW1
T were MK-7 (59.4 % HPLC peak area) followed by MK-8 (40.6 % HPLC peak area), which were consistent with other members of the genus Planococcus [12, 18] . Comparatively, the predominant menaquinones of members of the genus Planomicrobium were MK-8 followed by MK-7 [2] . Polar lipids were extracted, examined by twodimensional TLC and identified using the procedures of Minnikin et al. [41] . The polar lipids of strain CW1 T consisted of diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine and phosphoglycolipid (Fig. S4) , and the profile was consistent with the descriptions of the genera Planococcus and Planomicrobium. The DNA G+C content was determined by reverse-phase HPLC according to the method of Mesbah et al. [42] , and the DNA G+C content of CW1
T was 48.6 mol%. The chemotaxonomic markers of CW1
T determined supported the novel strain to be a member of the genus Planococcus, and showed obvious differences from those of the genus Planomicrobium (Table 2 ).
Phylogenetic and chemotaxonomic analyses (fatty acids, respiratory quinone, polar lipids, etc.) unanimously supported strain CW1
T belonging to the genus Planococcus. However, the differences in phenotypic characteristics between CW1
T and the two type strains of species of the genus Planococcus (Table 1) suggested that CW1
T cannot be assigned to any known species of the genus Planococcus. Furthermore, moderate fatty acid distinctions were also observed between strain CW1
T and the type strains of the species fo the genera Planococcus and Planomicrobium. For example, iso-C 15 : 0 (5.9 %), iso-C 16 : 0 (7.5 %), C 16 : 0 (8.2 %) (Table 2) . Morphological, physiological and chemotaxonomical characteristics combined with DNA-DNA relatedness results supported that strain CW1
T represents a novel species of genus Planococcus, for which the name Planococcus ruber sp. nov. is proposed.
DESCRIPTION OF PLANOCOCCUS RUBER SP. NOV.
Planococcus ruber (ru¢ber. L. masc. adj. ruber red, describing the colour of the cells). The type strain is CW1
T (=CCTCC AB 207187 T =LMG 24442 T ), which was isolated from a polluted forest soil sample in Anhui province, PR China. The DNA G+C content of the type strain is 48.6 mol%. 
